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[S57] ABSTRACT
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having at least one merged column. Thus, the read-only
memory occupies a greatly reduced space.
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READ-ONLY MEMORY

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a read-only memory which
can be constructed in a small size, and more particu-
larly to a read-only memory whose multiplexer unit can
be simplified and whose memory-cell matrix unit can
accordingly be simplified to thereby greatly reduce the
space occupied by the entire chip.

2. Description of the Prior Art

The conventional multiplexer unit has only func-
tioned as the Y decoder for X-Y inputs and has been of
the fixed type. The present invention intends to sim-
plify the multiplexer unit in advance by a technique
which will hereinafter be described, and thereby re-
duce the overall size of the device.

SUMMARY OF THE INVENTION

If a read-only memory could be designed to smaller
dimensions than before, it would then become possible
to provide within the conventional dimensions more
blank portions in which a parity check unit or other
functional components could be accommodated. This
would lead to the provision of a read-only memory in
which relatively more functions can be accommodated
for the same dimensions, as compared with the prior art
memories. Naturally, a similar read-only memory could
also be provided in the blank portion to thereby in-
crease the degree of intensiveness on the wafer. This
would be highly effective to enhance the yield of wafer
manufacture.

According to the present invention, there is provided
a read-only memory which is provided with a multi-
plexer unit having at least one merged column.

The invention will become more fully apparent from
the following detailed description thereof taken in con-
junction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1 and 2 show examples of the conventional
read-only memory.

FIG. 3 shows details of FIG. 2.

FIG. 4 shows internal details of the multiplexer unit
of FIG. 3.

FIG. S illustrates an example of the multiplexer sim-
plified according to the present invention.

FIG. 6 is a diagram of a specific circuit modified from
the construction of FIG. 3. |

FIG. 7A shows an example of a truth table.

FIG. 7B shows the truth table of FIG. 7A in parti-
tioned form.

FIG. 7C is a new partition matrix produced in accor-
dance with the present invention.

FIG. 7D illustrates the principle used to arrive at the
matrix of FIG. 7C.

FIG. 8 shows an example of a partition matrix re-
duced through the procedures shown in FIG. 7.

FIG. 9A shows another example of a truth table.

FIG. 9B is an example of an incomplete adjacent
table formed on the basis of the truth table in FIG. 9A.

FIG. 10A shows an example of a table which has a
certain X input removed from the table of FIG. 9B.

FIG. 10B shows the table in which merging 1s accom-
plished. |

FIG. 11A shows another example of a partition ma-
trix.
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FIG. 11B shows the matrix of FIG. 11A reduced.

FIG. 12A is a truth table for a universal function
generator.

FIG. 12B illustrates the process of reducing the table
of FIG. 12A.

FIG. 12C shows the table of FIG. 12B reduced in
accordance with the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS The constructions of read-only
memories (ROM) can be classified into two types,
namely, the linear selection type shown in FIG. 1 and
the coincident selection type shown in FIG. 2. The
linear selection type is a simple construction consisting
of a decoder 1 and a memory-cell array 2 as shown, in
which, for example, a plurality of inputs comprising
combinations of I,-I; are passed through the decoder 1
to select one of rows R,—Ry of the memory-cell array 2
so that logic 1 (shown as a black triangle) or logic O
stored in said one row is derived as an output signal on
each of the output lines O,-0O,. The coincident
selection type is such that, as shown in FIG. 2, inputs
I,-I; are partitioned into X inputs I;,I; and Y inputs I,
I, I., for instance. X inputs I, I, are entered into an X
decoder comprising an input inverter and buffer unit 4
and a row selector unit § so as to select one of rows
R,-R.. The content stored in said one row is derived as
a combination signal of outputs f—f; and appliedtoa Y
decoder which carries out row selection.

The Y decoder comprises an input inverter and buf-
fer unit 6 and a row decoder 7 into which Y inputs
I.,I,I; are entered, and a plurality of a combination of
signals I3,1, and I and a combination of signals f;—fi,
wherein i = 1 to 4 as shown in FIG. 2, are applied to the
Y decoder, whereby one of f;~f;; is selected for outputs
0,~0O, to provide the output of the ROM. The row
decoder 7 is functionally identical with a multiplexer
and is hereinafter referred to as multiplexer.

The present invention intends to simplify the multi-
plexer unit by the use of means which will hereinafter
be described, and accordingly reduce the chip size of
the memory-cell array forming the ROM. The tech-
nique of simplification of the multiplexer unit accord-
ing to the present invention will first be explained
briefly.

FIG. 3 shows only that portion of FIG. 2 which 1s
concerned with one ROM output -O,.

If, as shown in FIG. 3, the number of X inputs is 2 and
that of Y inputs is 3, the function f of these five vari-
ables (xy,X2.V1,V2,ys) may be described by the use of
Shannon’s expansion theorem, as follows: f(xy,x2.y:.
YoYa Y=fo( X1:X2)¥ 1 Y2YaHf 1 (x1.%2) Y1 ¥2YatHfa( X1 ,x- |
2)V1Y2VaHfa(X1.X2)Y1Y2Va Hfa(x,x2)F 1Yoy a5 (XX~
2)V1V2YaHfe(X1.X2) P 1Yayatfa(X X2 )Y1Y2ya |

This expansion formula may be represented by a
logic diagram as shown in FIG. 4. From FIG. 4, which
discloses only a portion M, of the multiplexer unit, it
can be seen that the multiplexer 7 is made of simple
AND gates ANDO-AND7 and OR gate OR, the num-
ber of the AND gates being equal to the number of
terms appearing in the foregoing expansion formula.

The circuit of FIG. 4 may be simplified by the use of
techniques which will be described below.

1. If, in the case of FIG. 3, for example, f, and f,
among the outputs f~f; of the cell matrix G, are in
the relation that f=f;=0 for all X inputs (in the
case of FIG. 3, all combinations of x,,x.), then the
AND gates ANDO and AND1 may be eliminated in
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FIG. 4. Thls shows that when Y inputs (¥Y1,Y2, Va)
are (0,0,0,) or (1,0,0,), the output is 0 1rrespect1ve_

of the X inputs. |
2. If fo=f, for all X inputs, it will be posmble from the

following equation to replace the AND gates AND2 5
and AND3 by a single AND gate. f,3,y:¥a + fa)1Y2Y3 =
f>y.¥s Thus, the inputs of this new single AND gate are
fs,¥o and y; and it may be replaced by an AND gate
AND2 shown in FIG. § and, when Y inputs (yy,y2,y3)
are (X,1,0), there is provided an output 1. 10
3. If f=fstfe for all X inputs, the AND gates AND4,

| ANDS and AND6 may be replaced by two AND gates |
shown in the following equation. .

f-lTl‘Fzy'l'}"fsVlJzJ':‘f'fﬂ*l\z.‘r’e —U+fﬂ)7112}1+f5}'lfzy1+f '- 15
a(Viva¥a) faYZJ"i‘l'fu_?lH -

Thus, the inputs of the two AND gates are ()‘E-;,yz,ya) and
(fs,¥1.y3), respectively, and these gates may be replaced

by AND gates ANDS and AND6 shown in FIG. 5.
‘Accordingly, as a final result, the number of AND gates
are reduced from 8 to 4 as een in FIG. 5, and the number
of rows in the memory-cell matrix Gi is correspondingly
reduced from 8 to 4, so that the ROM can be made with -
~the space for the cell matrix G, and the portion M of
‘the multiplexer 7 reduced to one-half, as compared
with the construction of FIG. 4. | .
“FIG. 6 shows an example in which the constructlon of
FIG. 5 and the simplified memory-cell matrix G, are
formed by PNP transistors with grounded collectors.
30
Connecting or not connecting the emitter terminal of a
transistor to a column line corresponds to the logic O or
| stored in the memory-cell matrix G,, and the multi-
plexer M, determines the input terminals of the AND

gates. In this manner, the technique of simplification 35
described herein can be dlrectly utilized for the actual

manufacture and programming of the ROM..

A similar technique may likewise be applled to the
 Memory- -cell matrixes Gz,Gs,G4 and multiplexers
M,,M;,M, to minimize the overall dimensions. . 40

Definitions of necessary terms will now be given to
explam the above-mentloned techniques (l) to (3) in
greater detail.

20

25

DEFINITION 1

The set of m input variables may be partltloned into
two subsets, 1.e. X={x;,%2, . . - X5} and y={y..ya, . .
Ym—s 1. A partition-matrix representatien of a function f
means an array of 2™ functional values expressed by a

matrix of 2¢ rows and 2™~* columns. In this matrix, the sq
rows correspond to 2* distinct combinations of the X
inputs and the columns to 2™~* distinct combmatmns of

the Y inputs.
Each position in the matrix is the value of the func-

tion f which corresponds to a new combination of X 55

and Y inputs. |
Transformation of a truth table for a certain loglc

expressmn into a given partition matrix of X and Y
inputs.is very simple. For example, the truth ‘table
shown in FIG. 7A, if X={I,,I,}and Y={;,1,,I5} . wnll be 40
transformed into a partition matrix as shown in FIG.
7B. A well-known example is a Karnaugh map, which1s
a 4><4 partltlon matrix. |

DEF INITION 2

A column Cf ina partltlon matrix contams 28 ordered
elements, each of which assumes the value of 0,1 ord
(don’t care). The-value d is a normally unused code and
- for example, when decimal numbers 0 to 9 are encoded
into binary coded decimal characters, six of the sixteen

45

65

4

codes are represented by d. The column C; has a 'y

 address i, expressed.as iy, ¥, yo*,. . . .. Ym—z¥. Address

i can also be represented by a binary character 1if y; is

represented by 0,ys by 1, and the missing y, by X.

- DEFINITION 3.

If a column C contains only 0’s and/or d’s, such
column C; is called a 0 column. In FIG. 7B, the column

No. 1 is regarded -as 0 column.
.  DEFINITION 4.

If and only if columns C; and C; agree in every place
except d, it is said that there is the intersection between
C; and C;. For example, if C={011d01dd0]"and

C~{0d11d14d.00], all the corresponding values
except d agree. Thus, in such case, the intersection

exists between C, and C,;. -
In FIG. 7B, an mtersectlon exists between columns

Nos. 3 and 4.

DEFIN ITION 5

If and only i the y addresses of eolumns C; and C;
differ only in.one character, it is said that these col-

umns have neighboring addresses. For example, in FIG.

7B, among the y addresses of columns Nos. 3 and 4,
only the y, address has different characters 0 and 1 and
thus columns Nos 3 and 4 have neighboring addresses.

DEFINITION 6.

If and only lf an intersection exists between two col-
umns C; and.C; having neighboring addresses, the col-
umns C; ‘and C; are compatible. For example, in FIG.
7B, columns Nos. 3 and 4 are compatible because they
have neighboring addresses and have the intersection
therebetween as noted above. - ~

DEFINITION 7.

In columns C;,C; having neighboring addresses if all
elements of C; are 1 while the correSpondmg elements
of C; are always other than 0, then C; is said to domi-
nate C;, and this relation is written as C;> C;. For exam-

ple, when C=([1 0 11 d]" and C~=[0 0 d 1 117, the

elements of C; corresponding to the elements 1 of C;

are 1 and d and thus, C; > C;. In FIG. 7B, if columns
Nos. 3 and ‘4 correspond to C; and C;, respectively,

column No. 3 dominates column No. 4 because the
elements of column-No. 3 corresponding to the ele-
ments 1 of column No. 4 are 1. Also, in this case, if
columns Nos. 3 and 4 corréspond to C; and C,; respec-
tively, the elements of column No. 4 corresponding to
the elements 1 of column No. 3 are 1 and thus, column
No. 4 is said to dominate column No. 3.

- COROLLARY 'I_- The necessary and sufficient
conditions for two columns C; and C; to be compatible
~are that C; > C; and C; > C,; at one tlme

DEFINITION 8.

The product of Cf and CJ (written as C /\ “) 1S de-

fined as follows:
If C; and- C; are of the same length and if both of C;

 and C; contain the element d, the product thereof is d;

if either of C; and C; contains 0, the product thereof is
0; and in the other cases, the product is 1. For example,

if Cr-( 10d1d1) and Cj_( 10(".00) the pI’OdUCt
Cf A Cj—( 10d100)

DEFINITION 9.

If C; and C; have neighboring addresses, C; and C;
can be merged. The merged column (written as C;.C;)




4,006,470

S

is the product of C; and C, and its address is the logical
sum of the y addresses, i and j. For example, f C=[1 0
1 017 and its address i=y,y,¥; and if C/=[1 d 1 0]" and
its address /~=Y,Y»y3, then C; and C; can be merged. The
merged column is represented by C; AC~=[1 0 1 0}and

its address by i+=y,y.¥5=Y1y2Y5=Y2 ¥a. . In FIG. 7B,
columns Nos. 3 and 4 can be merged.

DEFINITION 10.

A fundamental product is the logical product of vari-
ous input elements whose output is 1. For example, 1n
FIG. 7A, the fundamental product of a row whose
output f is 1, say, the seventh row, is represented by
I,LLLIs. Thus, when a partition matrix is given in ac-
cordance with the above definitions, the number of the
columns may be reduced by the following technique.

Step 1: Eliminate O columns.

Step 2: Merge all possible pairs of the remaining

columns.

Step 3: Iterate steps 1 and 2 until no more columns

can be merged.

Step 4: Choose the least number of columns that

include all the fundamental products.

These steps are the generalization of the aforemen-
tioned techniques (1), (2) and (3).

FIGS. 7B, C and D illustrate the process during which
the truth table of FIG. 7A is reduced as shown in FIG.
8 by the use of the foregoing steps 1-4.

More specifically, if the inputs I;-I5 in the truth table
of FIG. 7A are partitioned as desired, for example, into
x=2 and y=3, and if I;=x,, l7=x;, I7=y,, I&=y. and I;=y;,
then a partition matrix for the FIG. 7A table may be
written as shown in FIG. 7B. The y address of each
column is rewritten into the form of row and added to
the left box of FIG. 7D. The uppermost box in FIG. 7D
shows the fundamental products as represented by the
binary system and rewritten in the form of columns.
Subsequently, in FIG. 7B, the rows I,,I, and the col-
umns I.I.,I. in which the matrix element i1s 1 are
chosen, and the groups of fundamental product ele-
ments in which the elements of I,-I5 are identical are
chosen from among the columns in FIG. 7D. Also,
when those y addresses y,, y2,ys with which the y ad-
dresses in FIG. 7B are coincident are chosen in FIG. 7,

i0

15

20

23

30

35

40

the rows and columns are determined and the points of 45

intersection therebetween are thus marked with X.
For example, in FIG. 7B, the matrix element is 1 at
the intersection between the row No. 1 and the column

No. 3, and in this row and column, I,-1-=00010, and
the column in which this provides the fundamental
product is the column No. 1 in FIG. 7D. Also, the y
addresses y;,y2,ys in this case are 010 and so, the y
addresses in the row No. 3 in FIG. 7D correspond

thereto. Therefore, the intersection between row No. 3
and column No. 1 in FIG. 7D is marked with X. Also,
the intersection between row No. 3 and column No. 3
in FIG. 7B is 1 and in that row, I;=x/~=0 and I=x,~=I
and in that column, I~=y=0, L=y,~1 and Is=y;~0.
Thus, 1,-1-=01010.

The fundamental product in which the elements are
identical is found in column No. 2 of FIG. 7D. Also, In
this case, the y addresses I;=y=0, I;=y,~1 and I;=y;=0
are 010 and so, row No. 3 corresponds thereto, and the
intersection between row No. 3 and column No. 2 1s
marked with X. The marks X are provided through the
same procedures to bring about the conditions shown.
Next, in FIG. 7D, a mark X is provided at every point
of intersection on the rows having their y addresses still

50
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unmarked with X. These rows marked with X corre-
spond to the aforesaid O columns and are therefore
eliminated. This corresponds to the step 1 previously
described. In the present instance, the rows Nos. 1 and
2 are marked with X and eliminated. Subsequently, the
remaining rows are subjected to the merging which
corresponds to the step 2 previously described, and the
elements of the merged rows are additionally written in
the last y address row (row No. 8) and on.

More specifically, the y addresses of the rows Nos. 3
and 4 are neighboring addresses and therefore merged,
and the new merged row is represented as X, 1, 0 and
written in the row No. 9. Likewise, the rows Nos. 3 and
7 may be merged and represented as 0, 1, X, which is
written in the row No. 10. In the same manner, the rows
Nos. 4 and 8 can be merged and represented as 1, 1, X,
the rows Nos. 5 and 7 as 0, X, 1, the rows Nos. 5 and
6 as X, 0, 1, the rows Nos. 7 and 8 as X, 1, 1, and these
are written in the rows Nos. 11, 12, 13, 14 and 15,
respectively. These new y addresses resulting from the
merging are rewritten in the form of columns as shown
in FIG. 7C. The x addresses are also rewritten from
FIG. 7B into FIG. 7C. At this point, a new partition
matrix is introduced by the use of the definitions 8 and
9 described above. More specifically, for example, the
matrix element at the intersection between the row No.
I and the column No. 1 may be obtained in the follow-
ing manner. The y address X, 1, 0.of the column No. |
has resulted from the merging of the y addresses of the
columns Nos. 3 and 4 in FIG. 7B, while the matrix
elements of the x address of the row No. 1 are 1 and 1,
respectively, and their logical product is 1. Therefore,
this logical product as a newly produced matrix ele-
ment is written into the intersection between the row
No. 1 and the column No. 1 in FIG. 7C. The matrix
elements at the y address of the same column No. 1 and
the y address at the intersection between the row No. 2
and the column No. 2 correspond to 0 and d at the x
address of the row No. 2 at its intersection with the y
address columns Nos. 3 and 4 in FIG. 7B, and since the
logical product of 0 and 4 is 0, O is placed at the inter-
section between the row No. 2 and the column No. 1 in
FIG. 7C. In this manner, all matrix elements may be
obtained as shown. The aforementioned step 1 is again
carried out by using this new partition matrix (FIG. 7C)
and the new merged y addresses (box d, in FIG. 7D). It
should be noted, however, that step 1 is carried out for
both cases where X is 0 and where X is 1, and the point
of intersection falling under both of them is marked
with X. For example, step 1 is first carried out for the
case where X=0.

The y address X, 1, 0 of the column No. 1 in FIG. 7C
becomes 0, 1, 0 and the matrix element at the intersec-
tion with the x address 0, 0 of the row No. 1 1s 1, so that
the fundamental product 00010 thereof can be found
in the column No. 1 in FIG. 7D. Therefore, the inter-
section between the row No. 9 and the column No. 1 1n
the box d, is marked with X.

Also, where X=1, I,-I5 in FIG. 7C are 00110 and
thus, the fundamental product thereof corresponds to
that in the column 3 in FIG. 7D, and the intersection
between the row No. 9 and the column No. 3 is marked
with X. Since the element at the intersection between
the row No. 3 and the column No. 1 in FIG. 7C 1s also
1, search is effected with respect to the cases where
X=0 and X=I1. First, where X=0, 1,~1:=0,1,0,1,0 and
this corresponds to the fundamental product 01010 in
the column No. 2 in FIG. 7D, and thus the intersection
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between the row No. 9 and the column No. 2 1s marked
with X. Where X=1, [,-1-=0,1,1,1,0 and this corre-
sponds to the fundamental product in the column No. 4
in FIG. 7D, so the intersection between the row No. 9
and the column No. 4 is marked with X. This completes
the X marking for all cases where X=0 and X==] with

respect to the y address in column No. 1 in FIG. 7C.
- Similar treatment is effected on the y addresses of the

5

succeeding columns Nos. 2-7, whereby X marking is

completed as shown in the box d, of FIG. 7D. Subse-
quently, as already described, N marking must be ef-
fected on the y addresses of the rows still unmarked
with X. Such rows are found to be the rows Nos. 14 and
15 as indicated in the box d,, and these are eliminated.
Next comes the merging of the remaining rows. The
rows Nos. 10 and 11 are the only rows which can be
merged, and new merged row X, 1, X is written in the
row No. 16. A partition matrix resulting from the new
merging as shown in FIG. 7C must now be formed in
the following manner. The merged row X, 1, X has
resulted from the merging of the columns Nos. 2 and 3
in -FIG. 7C and the logical products of their matrix

elements are 0,0,0,0, respectively. Thus, no point of

intersection which can be marked with X is found in
the row No. 16 in FIG. 7D which contains X, 1, X, and
this row is marked with N and eliminated. Subse-
quently, the y address rows are chosen such that they
include all the fundamental products in the columns
Nos. 1 to 10 and that they are the least in number of
rows. In the present instance, if the rows Nos. 8, 9, 12
“and 13 are chosen, fundamental products are con-
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tained in any of these y address rows, that is, the row

No. 8 has a fundamental product at its intersections

with the columns Nos: 9 and 10, the row No. 9 at its
intersections with the columns Nos. 1 to 4, the row No.
12 at its intersections with the columns Nos. 5 and 8,
- and the row No. 13 atits intersections with the columns

Nos. 6 and 7, and in addition, these y address rows are
the least in number (four rows). Thus, the aforemen-
tioned rules are sufficiently satisfied. Accordingly, the

y address rows Nos. 8, 9, 12 and 13 are marked with ®

and these chosen rows may be used as new y addresses
‘to form a reduced partition matrix as shown in FIG. 8.
Referring to FIG. 8, the columns Nos. 1, 2, 3 and 4
respectively correspond to the y addresses of the rows
Nos. 9, 13, 12 and 8 in FIG. 7D. Also, columns C; are
transcribed by choosing the corresponding columns C;
in FIG. 7C as the columns Nos. 1-3 and the corre-

~ sponding column C; in FIG. 7D as the column No. 4.

As a result, the eight columns of y addresses in FIG.

7B are reduced down to four columns as seen in FIG. 8,
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which means that the space occupied by the Y decoder -

‘unit forming the multiplexers is reduced to one-half the

space initially occupied, which in turn means that the
55

space occupied by the memory-cell matrix is reduced
to nearly one-half, thus permitting the entire read-only

“memory to be designed with its space reduced to one-
half or less. This also leads to reduction in size of the

~ entire data processor and less consumption of electric

power, which will be highly effective for the economiz-
~ ation and the size reduction of the apparatus. |
While the general construction of the read-only
“memory according to the present invention has hith-
erto been described, this device may be further re-
duced in size if optimal partition of the two X-Y inputs

60
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can be discovered before the described method 1s per- -
formed. In fact, when there are m inputs, there are 2™
methods of partition and it would be tedious to carry

8

out the above-described column reduction for all of
these combinations. For this reason, the following steps
are added prior to the described steps 1-4 in order to
discover an optimal construction which covers such
problem of partition. - |

-Pre-step 1: Tabulate an incompatible neighbors table

(INT) from the truth table.
Pre-step 2: Reduce the INT for a given x input parti-
tion. Step 1 may be effected only once even when

~ partition of all inputs is attempted. Also, if the INT
is reduced (prestep 2), it will result in provision of
all the data required in the second of the described
steps 1—4. Since the INT is used to estimate the size
of the partition matrix, the described steps 1 and 2
may be carried out only for the input partitions that
are likely to be optimal. The pre-step 1 which 1s
concerned with the tabulation of the INT will first

~ be explained. From the truth table of FIG. 9a, fun-
‘damental products are listed up as shown in the left
“box of FIG. 9b in the same manner as described in
connection with FIG. 8. Further, prepare a row

PP CYRNIPINY PRI in which a certain element I; .
... L, is negated, and search for a row coincident
with that row in the truth table of FIG. 9a. If the
output f of the coincident row is found to be O,

~ place a 0 at the address corresponding to I;, or
otherwise 1. When such procedures have been
performed for i=1—m, a new row results. For exam-
ple, Is, Ly, I3, I,I; in the row No 1 in FIG. 95 are 0,
1,0, 0,0 and therefore, arow 1, 1, 0, 0, 0 which 1s
a negation I;=1 of Is=0 is searched for in the truth
‘table of FIG. 9a, to find that the row No. 25 1s 1, 1,
0, 0, 0 and coincident. The output f thereof is
found to be 0. Accordingly, O is placed under the
label I in the right box, row No. 1, of FIG. 9b.
“Subsequently, I=I in the fundamental product row
"No. 1 is rendered to 1,=0, whereby this row as-
sumes 0, 0, 0, 0, 0, which is found to correspond to
the row No. 1 in the truth table of FIG. 9a. Since
the output f of this row is 0, I,=0 is placed under

~ the label I, in the right box, row No. 1, of FIG. 90.
~ Next, ;=0 in the fundamental product row No. 1 1s
rendered to I;=1, whereby this row assumes 0, 1, 1,
0, 0, which is found to correspond to the row No.
13 in the truth table of FIG. 9a. Since the output t
- of this row is 1, I.=1 is placed under the label I; in
the right box, row No. 1, of FIG. 9b. Subsequently,
I,=0 in the fundamental product row No. 1 1s like-
wise rendered to Iy=1, whereby this row assumes 0,
1, 0,1, 0, which is found to correspond to the row.
No. 11 in the truth-table of FIG. 9a. Since the
output f of this row is 1, I;=1 is placed under the
label I, in the right box, row No. 1, of FIG. 9b.
Finally, ;=0 in the fundamental product row no. 1
is rendered to I;=1, whereby this row assumes 0, 1,
0, 0, 1, which is found to correspond to the row No.
10 in the truth table of FIG. 9a. Since the output f

- of this row is 0, ;=0 is placed under the label I; 1n
the right box, row No. 1; of FIG. 9b. In this manner,
0, 1, 0, 0, 0 in the fundamental product row No. 1
~in FIG. 9b has been transformed into 0, 1, 1, 0, 0.
- In the same manner, the succeeding rows Nos. 2 to
10 are transformed to provide the INT as shown.
" After the tabulation of this INT, any desired x input
is chosen and the table of FIG. 9b for the partition
of that input may be tabulated by removing the
columns corresponding to the x variables from the
~rows and columns. To illustrate, if I, and 14 are
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chosen as the x vanables, the table of FIG. 95 re-
duces to that as shown in FIG. 10a4. Also, the row
label 1s now a y address of the partition matrix
column that contains the fundamental product. If
the matrix column contains more than one funda-
mental product, the same y address may appear in
the INT. For example, in FIG. 104, the fundamen-
tal products ;I,II,I, and LLLLI, are contained in
the columns whose y address (I;L;1;) is (000). The
INT can be further reduced by merging the rows
with the same y address in the manner already
described. The merged row consists of the logical
product of the merging rows (see FIG. 105). This
corresponds to pre-step 2.
All the data necessary to reduce the partition matrix
can now be extracted from the reduced INT by the use
of the following theorems.

THEOREM 1

The y addresses of the 0 columns are missing from
the row headings.

THEOREM 2

| at the intersection of y,=,y57, . . . . ,¥»™s -+« Vs
= row and y, column indicates that a column C; with its
address =y,~, Y2, . . - . 3¥ps - - - ., M_S™ is dominated by
a column C; with its address j=y;=,y2=, . . . . Vo ) .« . .
Yum-s  (that 1s, C;>C;).

THEOREM 3

Two columns, C; and C;, are compatible if and only if
two dominance relations, C;>C; and C;>C; are found

from the reduced INT by the use of Theorem 2.

As a consequence of these theorems, the reduced
INT In FIG. 10) yields the following information.

0’ columns:
Dominance relations:

Cl and C:;
Co <C,, C, <Gy, C, <G, C, < Cg,
C; <G, C3<C,Cr <G
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Pairs of compatible

10

-continued

(=)

columns:

With this information obtained, the partition matrix
in FIG. 11a can be reduced to that as shown in FIG.
115.
FIG. 12a 1s the truth table for the read-only memory
In a universal logic-function generator, and application
of the present invention thereto results in the reduced
matrix as shown in FIG. 12C.
[ claim:;
1. A read-only memory comprising:
a set of memory cells defining a matrix and having
pluralities of row and column conductors;

multiplexer means including at least one merged
column and having a plurality of outputs and first
and second pluralities of inputs, said first inputs
being coupled respectively to said column conduc-
tors of said set of memory cells; and

row selector means having first and second groups of

outputs for providing selection signals to select
destred locations of said memory matrix, said first
group of outputs being coupled respectively to said
row conductors of said set of memory cells, and
sald second group of outputs being coupled respec-
tively to said second plurality of inputs of said mul-
tiplexer means, wherein a row selection of said
memory matrix is provided at said plurality of out-
puts of said multiplexer means.

2. A read-only memory as set forth in claim 1,
wherein said multiplexer means and said memory cells
comprise¢ an integrated circuit having transistors

formed therein.

3. A read-only memory as set forth in claim 1, com-
prising a plurality of sets of said memory cells, wherein
at least one of said memory cell sets includes at least

one merged column.
¥ * 0k ¥ ¥
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